(RFLPs) wrrc found in the vicinity ol' the NI@ locus, generated by various restriction cnzymcs. The organi?dtion of the mitochondrial genes 26s rf?NA, 18S+5S rIZNA and cosll was investigated by Southern blot unalysis. These gzncs have similar structures in rcrtilc and all studied stcrilc sources. Using the or@ probe, 5 liom the 6 investigated CMS gcnotypcs showed identical hybridiation putterns to the Pdulrrris CMS line. which is used in all commcrciul sunllowur hybrids, Only I cytoplasm derived from an open pollination of Hdiutrr/lrr,s utmus ssp. IC.WII((S. known as ANT,, contained a unique mitochond&l DNA l'ragment, which is distinguishable f'rom the fertile and sterile Pcttduri.s genotypes and from dll investigated CMS gcnotypcs. Malt Wility restoration and malt sterility maintenance of the ANT, lint arc ditlixcrent from the Pmiduris CMS system. which is a conlirmation that u novel CMS ycno~ypc in sunflower has been idcntificd.
Sunllowcr: Mitochondrial gnome; Cytoplasmic malt sterility; RFLP; utpl locus
I, INTRODUCTION
Cytoplasmic male sterility (CMS) is a maternally inherited trait in higher plants that results in the inability of the mature plant to produce functional pollen, but it does not affect female fertility [l] . In sunflower a CMS genotype was obtained from an interspecific cross between Hdiutttltus petiolaris and H. unnuus which was first described by Leclercq [2] . The subsequent identification of male fertile lines containing specific dominant nuclear genes which restore pollen fertility [3-51 resulted in a rapid production and cultivation of sunflower hybrids.
In a number of cases analysed, the CMS phenotype is suggested to originate from mutations in the mitochondrial genome of the male Fertile progenitors as a result of intra-or intermolecular recombination events. The mitochondrial pnome rearrangements have generated chimaeric mtDNA sequences which in some cases result in generation of novel mitochondrial genes or lead to a modification of existing genes [6] . These chimaeric genes are expressed as novel or modified polypeptides which, in an unknown fashion, are related to a failure in mitochondrial function during development of the pollen.
Our current knowledge about the molecular basis of CMS mainly comes from studies performed in maize and petunia. The chimaeric mitochondrial gene T-urf 13, composed primarily of sequences derived from the ,36S rRNA and the atp6 gene, is unique for maize with Texas male sterile cytoplasm and codes for a I3-kDa polypeptide [7, 8] . In reversion of CMS-T maize to fertility T-utf 13 is deleted or truncated through recombination [9-121. Two dominant nuclear genes, RF, and Rf,, restore pollen fertility and reduce the abundance of the I3-kDa polypeptide [7] . In petunia the CMS phenotype was also shown to be associated with a specific DNA segment of the mitochondrial genome [13, 14] . The DNA sequence and transcript pattern of the CMS-associated region, pcfiS, were determined [I 5,161 . A 25kDa protein associated with CMS in petunia was identified. One nuclear gene Rf is sufficient to confer fertility and reduce the abundance of this 25. kDa pcf-S protein [I 7'j.
The use of only 1 sunflower CMS source on a large scale may lead to a reduction of the genetic variability of the breeding material and to genetic vulnerability to diseases. A convincing example of the latter is the maize Texas CMS which is susceptible to Southern corn leaf blight [18] . Obviously it is important to increase the cytoplasmic genetic diversity in crop plants by identi-159 fying or creating new sources of male sterility and also to investigate the molecular, biochemical and physiological basis of CMS. Little is known about the molecular determination of CMS in sunflower. In the restriction map of the mitochondrial DNA of sunflower an area of I7 kb, including the cupA gene. is different in the Pcviohis CMS line compared to its fertile analogues [19] . In this paper we present our study of 6 new sunflower CMS genotypes. These genotypes were obtained from intra-or interspecific crosses of ffdicittrhs species or mutagenesis of sunflower cultivars, and have been characterized for further utilization in breeding programmes.
2, MATERIALS AND METHODS
Plants wcrc' grown in the licld and Icaves. used for DNA isolation.
were harvcswl More tlowcriny. The origins or the dilrercnt cytopliismic male sterile genotypes iire dcscribud in Tuble I.
SO g of lcaf mvtcrial was homogcnizcd in 20 ml ice-cold bulTer comprising 0.44 M monnitol. SO mM Tris-HCI. 3 mM Nu,EDTA, 02% Polyclnr, 0.1% bovine scrurn albumin, IO IIIM 2-mercaptoethanol. pH 8.0. The ruptured cells were filtered through cheesecloth and mirucloth. The debris mid crude chloroplust I'raction were collcctcd ai 3.000 x g ror I5 min. followed by a centrifugalion at 18.000 x g for 20 min to sediment the mitochondria.
Mitochondrial pellets were resuepcnded in I ml TE buffer (IO mM Tris-HCI, I mM EDTA.
pH 5.0) and lyscd with 100 ~1 IO% SDS and 100 yl 10% Sarkosyl during tin incubation of2Omin at 6S"C. For protein precipitation 100 ~1 ice-cold S M potussium acetate was added. rollowed by an incubation for 20 min at 4°C. The prccipitatcd protein complcxcs wcrc removed by ccntril'ugiltio~~ at 12.000 x g for IO min and the supcrnntunts were collected by liltrstion through chcesccloth f'or further purification by phenol-chloroform cxtractions and ethanol prccipitalions. The INICIC~C acid pcllcts wcredissolvcd in 0.4 ml sterile water and treated with RNAsc IO my/ml for 30 min at 37°C. After 2 subscqucni phenol-chloroform cxtnrctions and H find rhmol precipitation the mtDNA was rcsuspandud in 100 ~1 TE. 
RESULTS
Southern blot analyses were performed to investigate the mitochondrial genomes of several new sunflower CMS sources. Digested and electrophoretically separated mtDNA was blotted to nylon membranes and hybridized with different clones of mitochondrial genes. The results show that the q>A probe hybridized to DNA fragments of different sizes in fertile-(F) as compared to sterile-(S) and investigated new CMS genotypes, when digested with the restriction endonucleases BsrEII and SrrlI (Fig. I) . The rrfpA probe hybridized to a 13.9-kb BGEII fragment and a 4.4-kb SuII fragment from the F line and to a 5%kb BsrEIl and 7.0-kb WI fragment from the S line. Some weak hybridization can also be observed in addition to the main bands both in the F. S and CMS lines. This probably is due to short repeated sequences as has also previously been reported by Ktihler et al. [22] . It was demonstrated that the hybridization pattern of five out of six investigated CMS sources is identical to the Pcriohris sterile genotype, despite the fact that they were developed from dif'ferent crosses between Heiictttrlws species or by mutagenesis of sunflower cultivars and manifest different morphological and physiological characteristics.
One of the investigated lines, CM!$, showed a different restriction fragment length polymorphism (RFLP) distinguishing both F-and S lines. The arpA probe hybridized to a 9.2-kb BsrEII fragment and a 1.5kb Sal1 fragment of CM& mtDNA indicated as NS (new sterile). Different hybridization patterns were also found when the crrpA probe was hybridized to mtDNA from F-, S-and NS lines after digestion with the enzymes H!ndlII, BgfI, PsrI, B~fEIIIBgfI, BsrEIIIS~r/I and HindlIIlS& (Fig. 3) . In this figure it is shown that to the left of the Sail site in the atpA gene the mtDNA organization of the F-, S-and NS lines is colinear. Differences in the mtDNA organization between F-, S-and NS lines are observed to the right of the Sail site. These results emphasize the differences in genome organization between F-, S-and NS lines and exclude the probability era point mutation in the mitochondrial genome of the NS sunflower line. in order to further analyze the mtDNA organization in F-, S-and the described CMS lines, and to clarify whether rearrangements took place elsewhere in the mitochondrial genomes, we carried out Southern laybridization analyses with cloned mitochondrial genes from P. sativum and 7". aesti~,um as heterologous probes. The genes used were coxH, 26S rRNA, 18S + 5S rR1VA. The results, shown in Fig. 4 , indicate that coxll hybridized to the mtDNA from F-, S-and (NS) lines double-digested with BstEll/BglI.BstEll/Sacl and BstEIl/SalI without any differences among the various lines. No differences were detected either in hybridization patterns using other enzymes like HindlIl, Bell, PstI and the other mitochondrial probes, including 26S rRNA, 18S+5S rRNA and coxlL it is obvious that these regions have a similar structure in fertile and all sterile sources and probably are not involved in recombination events associated with CMS in sunflower.
DISCUSSION
At present all commercial sunflower hybrids contain the Petiolaris CMS which was found by Leclercq [2] . In order to be able to introduce cytoplasmic diversity into sunflower we analyzed in this study the high molecular weight mtDNA of possible new types of sunflower CMS. Studies were conducted on 6 CMS genotypes and a near-isogenic male sterile and male fertile sunflower line in Southern blot analyses using 10 restriction endonucleases and 5 mitochondrial genes. The atpA probe distinguished between the CMS S-and F-type in the hybridization experiments with all tested restriction enzymes. Out of the 6 investigated CMS genotypes 5 showed identical hybridization patterns indistinguishable from the well known Petiolaris CMS. No specific restorer sunflower lines have been found for the different CMS genotypes. However, some Petlolaris CMS maintainers partially restore male fertility of these sunflower CMS genotypes.
During preparation of this manuscript Crouzillat et al. [23] reported the genetic analysis and molecular basis of 15 sunflower CMS sources which have different origins than the genotypes included in our studies. In agreement with our results they found identical iaybridization patterns with the atpA gene and 3 restriction enzymes between Petiolaris CMS and a CMS line originating from H. anomalus. arp9, these results lead to the suggestion that probably, by being affected in the afpA area the different sunflower CMS genotypes are related. The organization of the mitochondrial genomes of the Periokrris CMS genotypes and all studied new CMS lines regarding the 4 other genes which have been examined (cosfI, 26s rRNA, I8S+SS rRNA) is identical to the F-type. According to Crouzillat et al. [23] the genes 2GS rRNA, I&S-t-5S rRNA show less variability than those coding for ATPases, but they could still find RFLP differences in 3 groups of CMS cylotypes. Using 3 enzymes and 12 probes per genotype they found 20% RFLPs (using the -76s rRNA probe) and 33.4% RFLPs (using the 18s + 5S rRNA probe) which differ from the F genotype [233. In our study we tested 40 different enzyme/probe combinations (except arpA j for each CMS genotype and could not lind any RFLP. No differences, not only for the 265 rRNA and IBS + 5S rRNA but also for the cosf1 gene, have been found, which is an indication that these loci are not involved 
